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(57) ABSTRACT 

A bottom Supported Solar receiver tube/header assembly 
having a bottom clip for Supporting the entire load of a 
plurality of tubes carrying a heat absorbing fluid. The tubes 
are allowed to expand vertically upwardly under thermal 
flux conditions created when the fluid absorbs heat from the 
Solar receiver panel. A receiver panel assembly incorporat 
ing a plurality of the bottom Supported receiver tubes 
requires less piping than a comparably sized, conventional 
receiver panel assembly with top Supported tubes and even 
better facilitates acceSS and maintenance of valves associ 
ated with the receiver panel assembly. The invention further 
allows a Solar receiver panel assembly to be constructed 
with Significantly fewer drain and vent valves than previ 
ously developed, top Supported receiver panel assemblies. 

14 Claims, 4 Drawing Sheets 
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BOTTOM SUPPORTED SOLAR RECEIVER 
PANEL APPARATUS AND METHOD 

FIELD OF THE INVENTION 

The present invention generally relates to Solar receiver 
panels, and more particularly to bottom Supported Solar 
receiver panels that enable the upward thermal expansion of 
tubes attached to the Solar receiver panels. 

BACKGROUND OF THE INVENTION 

In the backdrop of ever dwindling fossil fuel resources, 
researchers are exploring ways of harnessing alternate 
Sources of energy. Solar energy is a promising alternate 
Source of energy. Engineers are facing Several challenges in 
capturing, Storing and converting Solar energy. The problem 
of converting Solar energy into electricity in a cost-effective 
manner and on a large Scale Still poses challenges. 

Several approaches are being followed to reach the goal 
of generating a large-scale and reliable flow of electricity 
from Solar energy. One Such method is through the use of a 
Solar central receiver mounted on top of a tower. The Solar 
receiver is basically a heat eXchanger that absorbs concen 
trated Solar energy. The receiver absorbs the Sun's energy in 
a concentrated form from an array of mirrors called 
heliostats. The receiver comprises a number of panels. 
Mounted on the panels is a connected Set of tubes carrying 
a heat absorbing fluid. The fluid inside the tubes traces a 
Serpentine path from panel to panel when circulating inside 
the tubes. The receiver functions as a heat eXchanger to 
transfer the Solar energy received from the heliostats to the 
heat absorbing fluid carried by the tubes. For example, in 
one design molten Salt is pumped up to the receiver and 
circulated inside the receiver panel tubes. The molten Salt is 
heated by the Solar energy absorbed by the receiver tubes. 
The heated molten salt flows into a ground based hot thermal 
Storage tank(s). Hot molten Salt is then pumped from the hot 
thermal Storage tank as needed to create Steam that powers 
a Steam turbine for generating electricity. 

Panels are comprised primarily of a strongback, 
insulation, receiver tubes, headers and tube guide/Supports. 
Tubes are connected at the top and bottom of the panel by 
the headers. The tube-header assembly is connected to the 
guide/Supports by clips. The guide/Supports are rigidly 
attached (welded or bolted) to the strongback, which in turn 
is attached to the receiver tower Super-Structure. In known 
receiver designs, though multiple clips may be used to hold 
the tubes, it is the topmost clip which bears the vertical 
deadweight of the tubes and header assembly. Other clips 
along the tube length carry the horizontal and bowing loads 
on the tubes and also maintain the alignment of the tubes. 
Thus, the known receiver designs use a top Supported panel 
design where the vertical load of each tube is carried Solely 
by the topmost clip at an upper end of each tube. 

The top Supported receiver panel design, while having 
proven to be effective, could nevertheless be improved in 
Several ways. Since the tubes are Supported at the top, as the 
tubes thermally expand, they expand in a downward direc 
tion when thermal flux is applied. Top Supported receiver 
panels generally also require relatively large cold Supply and 
hot return pipelines for molten Salt to be attached near the 
top of the receiver panel that is Stationary during changes in 
temperature. Consequently, the top Supported receiver pan 
els all require relatively large pipelines to be run through the 
congested center of the cylindrical receiver and to the tops 
of the panels. This arrangement also requires lengthy pipe 
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2 
runs. Therefore, construction can often become complex due 
to the routing difficulties and lengthier pipes used within the 
cylindrical receiver. Even a flat billboard shape receiver 
requires long runs of large pipe if the panels are top 
Supported. 

SUMMARY OF THE INVENTION 

The present invention relates to a Solar receiver panel 
having bottom Supported tubes that carry heat absorbing 
fluid. In a preferred embodiment, the tubes are attached to 
the receiver panels with clipS Spaced apart vertically along 
the lengths of the tubes. A bottommost clip of each tube 
carries the entire vertical weight of its associated tube and 
header assembly. The clips allow portions of the tubes to 
move up and down when the tubes undergo thermal expan 
Sion and contraction. The tubes undergo thermal expansion 
in a vertically upward direction when the thermal fluid (e.g., 
molten salt or others) inside the tubes is heated by absorbing 
heat from the receiver panels. The bottom Supported receiver 
panel reduces the lengths of piping required, as well as the 
routing complexity of the piping, within the receiver. 
Further, the number of valves required in comparison to the 
top Supported receiver can be reduced. Further, the valves 
can be placed at a convenient location, for example, on the 
deck of the receiver for easy maintenance. The individual 
receiver panels are connected by jumper lines. Jumper lines 
connecting the bottoms of adjacent panels typically have 
drain valves located on each Servicing two receiver panels. 
Similarly, jumper lines connecting the top of adjacent panels 
have vent valves. The bottom Supported receiver requires a 
fewer number of vent and drain valves as compared to a top 
Supported receiver. 

Further areas of applicability of the present invention will 
become apparent from the detailed description provided 
hereinafter. It should be understood that the detailed descrip 
tion and Specific examples are intended for purposes of 
illustration only and are not intended to limit the Scope of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood 
from the detailed description and the accompanying 
drawings, wherein: 

FIG. 1 shows a perspective view of a solar absorption 
panel in accordance with a preferred embodiment of the 
present invention; 

FIG. 2 shows a perspective view of a clip assembly used 
with the receiver; 

FIG.3 shows a croSS Section of the clip arrangement of the 
present invention in a representative form; 

FIG. 4A shows a prior art receiver constructed using top 
Supported receiver panels, 

FIG. 4B shows the reduced piping requirements of the 
bottom Supported Solar receiver of the present invention; 

FIG. 5A shows the drain valve arrangement in a 
conventional, top Supported receiver; and 

FIG. 5B shows the drain valve arrangement for the bottom 
Supported receiver panel of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The following description of the preferred embodiment(s) 
is merely exemplary in nature and is in no way intended to 
limit the invention, its application, or uses. 
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Initially, a general description of the construction and 
operation of a Solar power tower will be provided. A Solar 
power tower is used to collect Solar thermal energy and 
convert it into electricity. A large number of Sun-tracking 
mirrors called heliostats collect the Solar energy. The col 
lected Solar energy from the heliostats is redirected and 
concentrated onto a Solar receiver mounted on top of the 
Solar power tower. The Solar receiver can be constructed by 
various methods. The present invention is adapted for a Solar 
receiver that functions as a heat eXchanger. The receiver 
functioning as a heat eXchanger transferS the concentrated 
Solar energy redirected from the heliostats to a fluid circu 
lated through a piping System inside the receiver. 

The fluid inside the receiver functions as an energy 
transfer medium. The fluid is preferably a molten salt 
coolant, but the present invention is not limited to use with 
Specific type of fluid. Molten Salt is used only for explana 
tory purposes in the following description. A first Set of 
ground based cold thermal tank(s) store the molten Salt 
coolant at around 550 F. (287 C.). A pump(s) is used to 
transfer the molten Salt from the cold thermal Storage tank to 
the receiver located on top of the Solar power tower. The 
molten salt is heated up to around 1050 F. (565 C.) as the 
fluid circulates through the receiver panels in a Serpentine 

C. 

The heated molten salt then exits the receiver through a 
down comer hot return pipe and flows into ground based hot 
thermal storage tank(s). The Stored hot Salt in the hot thermal 
tank(s) is drawn out as needed to generate Steam to power a 
steam turbine. The steam turns the turbine which is con 
nected to a generator to produce electricity, for example, via 
a Standard Rankine cycle. The receiver panels are described 
next in detail. 

Referring now to FIG. 1, an absorption panel 10 in 
accordance with a preferred embodiment of the present 
invention is shown. A Solar receiver typically comprises a 
plurality of the Solar absorption panels 10 positioned adja 
cent one another. There are Several arrangements of panels, 
the most common of which forms either a cylindrical shape 
receiver or a flat “billboard” shape receiver. Each panel 10 
comprises a plurality of Solar absorption tubes 12. A plural 
ity of independent clip guide/Support assemblies 16 Secure 
tubes 12 to a panel Strongback Structure 14. Typically, each 
clip guide/Support assembly 16 is welded to the panel 
strongback structure 14. Insulation 18 thermally isolates the 
tubes 12 from the panel Strongback Structure 14. Insulation 
18 is provided behind absorption tubes 12 and in front of the 
panel Strongback Structure 14. AS will be explained in 
greater detail in the following paragraphs, the fluid first 
enters through header 20A at the bottom of panel 1. 

FIG. 2 shows an enlarged view of the clip 22 and 
guide/Support assembly 16. The clip 22 and guide/Support 
assembly 16 consists of Slidable clips 22 disposed on guide 
rods 24. The guide rods 24 are fixed on a bracket 26 in 
parallel, Spaced apart in relation to one another. The bracket 
26 is joined to a strongback structure 29 of the panel 10 by 
a support 28 member. 

Tubes 12 are each firmly welded to the slidable clips 22. 
Molten salt inside the tubes 12 is heated as it absorbs the 
thermal energy collected by the receiver. The heated molten 
Salt causes the tubes to undergo thermal expansion. The clip 
22 and guide/Support assembly 16 is designed to allow 
unrestrained axial expansion of the tubes 12 along the Y-axis 
(i.e., vertically), or rather along the length of the tubes 12 
from the bottoms toward the tops. Clip 22 and guide/Support 
assembly 16 effectively restrains any bowing or motion of 
the tubes 12 in either the X-axis or the Z-axis of a given 
plane. 
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4 
FIG. 3 shows a side view portion of the solar panel 

receiver 10 of the present invention incorporating a plurality 
of Supporting clipS 22 and guide/Support assemblies 16. The 
clip 22A and guide/Support assembly 16A is the topmost clip 
22 and guide/Support assembly 16 of a given panel 10 
(shown in FIG. 1). The middle clip 22B and guide/Support 
assembly 16B is positioned between the topmost clip 22A 
and guide/Support assembly 16A and a bottom clip 22C and 
guide/Support assembly 16C. It will be appreciated that the 
panel 10 may include additional clip 22 and guide/Support 
assemblies 16, depending on the Overall length of the panel 
10. Nevertheless, the vertical load of the tube 12 and header 
20A/20B assembly is carried entirely by the bottom clip 22C 
and guide/Support 16C, while any additional clips 22 along 
the vertical length of the tube 12 restrain the tubes 12 from 
bowing in the other two normal directions along the X and 
Z axis. Hence, the tubes 12 are allowed to thermally expand 
upward in relation to the bottom clip 22C and guide/Support 
assembly 16C. The unidirectional arrow 30 indicates the 
direction of thermal expansion of tube 12. 

FIG. 4A shows a prior art receiver 32A constructed using 
top supported receiver panels. FIG. 4B shows a receiver 32B 
constructed using the bottom Supported receiver panels of 
the present invention, and highlights the reduced piping 
requirements of the bottom Supported Solar receiver. The top 
Supported receiver 32A uses a relatively complex routing of 
internal pipes since the hot molten Salt is Supplied to, and 
collected from, the top of the receiver. To further complicate 
pipe routing, the Supply riser 36 is typically split into two 
supply lines 36a and 36B that supply two parallel flow 
circuits through the receiver. Similarly, two return lines 38A 
and 38B exit each of these circuits before being combined 
into a single return downcomer 38. In the top Supported 
receiver 32A, a cold salt riser pipe 36 and a hot salt down 
comer pipe 38 have to extend well up into the receiver to be 
able to connect to the first and last panels within the receiver. 
The cold salt riser pipe 36 and the hot salt down comer 

pipe 38 have relatively large dimensions because they are 
used to transport a large quantity of Salt to and from the 
receiver 32A. Accommodating large dimensioned pipes in 
the receiver 32A requires either a physically larger receiver 
or much more complex and congested piping, both of which 
complicate and increase construction cost. Further, cold Salt 
control valves 40 for the cold salt riser pipe 36 also are 
typically positioned within the receiver panels. Thus, the 
relatively complex piping and Valving needed within a 
receiver having top Supported tubes can significantly 
increase the overall cost of constructing the receiver. 
With the present invention, a bottom supported receiver 

assembly 32B of FIG. 4B, which includes one or more 
receiver panels 10, Simplifies the piping required within the 
receiver assembly by enabling a Substantial degree of the 
piping to be included within the tower 34. Space is limited 
within the receiver assembly 32B, but the tower 34 typically 
has a Significantly greater internal area to accommodate the 
cold salt riser pipe 36 and supply lines 36A and 36B and the 
hot salt down comer pipe 38 and return lines 38A and 38B. 
For the bottom supported receiver panels 10 of the present 
invention, the hot and cold Salt pipelines need to be routed 
only to a deck 33 of the receiver 32B. This arrangement 
Saves a significant length of pipe. In one instance, the 
savings has been found to be several hundred feet of hot and 
cold Salt piping. Further, the movement and loads of the hot 
Salt down comer pipe 38 are significantly reduced, leading 
to a leSS complex interface between the receiver assembly 
32B and the hot down comer pipe 38. Hence, it will be 
appreciated that it is desirable, both from a cost Standpoint 
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and an overall System complexity Standpoint, to have the 
piping 36, 36A, 36B, 38, 38A, 38B contained within the 
tower 34 as much as possible rather than in the receiver 
assembly 32B. 
As should be clear from FIG. 4B, for the bottom Sup 

ported receiver panels 10 used in the receiver panel assem 
bly 32B, the cold salt riser pipe 36 does not need to be routed 
within the receiver panel assembly 32B up to the top area of 
the panel thereof; it only needs to be connected near the 
bottom of the receiver panel assembly 32B, and preferably 
placed near the deck 33. Similar simplification is achieved 
for the hot salt down comer pipe 38. Bottom supported 
receiver panel 10 allows placement of the cold salt control 
valves 40 on or below the deck 33 of the receiver 32B. Such 
an arrangement of salt control valves 40 further facilitates 
acceSS and maintenance. 

FIG. 5A shows the drain and vent valve arrangement in a 
top Supported, prior art receiver 42. Purely for illustration 
purposes, the receiver 42 is shown as having eight receiver 
panels 421-42s. The fluid enters the chain of connected 
receiver panels 421-42s from an input conduit 44. The 
panels are interconnected by means of jumper lines 46a and 
46b. The low level jumper lines 46a have drain valves 48 for 
draining the fluid. The drain valves 48 are normally closed 
during operation and are opened only when the receiver is 
drained or filled. Similarly, vent valves 50 are shown that are 
normally closed during operation and are opened only when 
the receiver is drained or filled. 

FIG. 5B shows a drain and vent valve arrangement for a 
plurality of bottom Supported receiver panels 10 of the 
present invention. As shown, the bottom Supported receiver 
panels 10 require fewer drain and vent valves 48 and 50, 
respectively, in comparison to the drain and fill Valves 
required by the top Supported receiver panel assembly 42 
illustrated in FIG. 5A. Both examples use the same number 
of receiver panels, i.e., eight independent panels, with FIG. 
5B denoting the receiver panels via reference numerals 
10-10s. Hence, the bottom supported receiver panels 
10-10s require fewer drain and vent valves 48 and 50 
respectively than the top Supported receiver panel assembly 
42. 

It will be appreciated then that the bottom supported 
receiver panels 10 have Several advantages over the top 
Supported receiver panels. A Solar panel System constructed 
using the bottom Supported receiver panels 10 requires leSS 
piping and a reduced number of drain and vent valves that 
help to lower the overall cost of a Solar panel System. 
Further, the placement of flow control valves on or below the 
receiver deck 33 permits easy access and maintenance of the 
Valves and pipes. Such positioning of the valves also can 
reduce the complexity of the piping inside the receiver panel 
assembly. 
The description of the invention is merely exemplary in 

nature and, thus, variations that do not depart from the gist 
of the invention are intended to be within the scope of the 
invention. Such variations are not to be regarded as a 
departure from the Spirit and Scope of the invention. 
What is claimed is: 
1. A bottom Supported Solar receiver panel apparatus 

comprising: 
at least one Solar receiver panel for receiving Solar energy, 

Said Solar receiver panel including a bottom portion and 
a top portion; 

a plurality of Vertically aligned tubes connected to a first 
header proximate Said top portion and a Second header 
proximate Said bottom portion; and 
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6 
at least one bottom clip joining each of Said tubes to Said 

bottom portion of Said Solar receiver panel, Said bottom 
clip rigidly attached to Said tubes between Said first and 
Said Second headers, Said bottom clip carrying an entire 
load of each of Said tubes, Such that the entire load of 
Said tubes is Supported between Said first and Said 
Second headers, 

wherein Said clip includes a sliding mechanism to accom 
modate movement of Said tubes. 

2. The apparatus of claim 1, further comprising: 
a fluid circulating within Said tubes, and 
wherein Said tubes are able to expand vertically upward in 

relation to said bottom clip as said fluid absorbs heat 
from Said Solar receiver panel. 

3. The apparatus of claim 2, wherein Said bottom clip 
comprises: 

at least one guide rod, Said tubes being Secured in two 
axes to Said guide rod but free to move upward in the 
Vertical axis. 

4. The apparatus of claim 1, further comprising: 
at least one other clip joining Said tubeSat a portion of Said 

Solar receiver panel other than at Said bottom portion of 
Said Solar receiver panel, Said other clip restraining Said 
tubes from moving or towing in directions other than 
the vertical direction. 

5. The apparatus of claim 1, further comprising: 
at least one drain and one vent valve connected to Said 

panels at a position adjacent Said bottom and a top 
portion of Said Solar receiver panel, respectively. 

6. The apparatus of claim 1, further comprising: 
at least one first valve connecting a cold fluid Supply pipe 

to said tubes, and 
Said first valve being positioned adjacent Said bottom 

portion of Said Solar receiver panel. 
7. The apparatus of claim 6, wherein said first valve is 

positioned adjacent Said bottom portion of Said Solar panel 
for minimizing a length of Said cold fluid Supply pipe. 

8. A Solar receiver apparatus for absorbing heat from a 
fluid heated by Solar energy, comprising: 

a plurality of Solar receiver panels, each of Said Solar 
receiver panels having a bottom portion and a top 
portion; and 

at least one bottom clip joining Said bottom portion of a 
given Said Solar receiver panel to a given Sub-plurality 
of fluid conducting tubes connected to a first header 
proximate Said bottom portion and a Second header 
proximate Said top portion, Said bottom clip Supporting 
an entire weight of Said Sub-plurality of Said tubes at a 
point between said first and Second headers, 

Said Sub-plurality of Said tubes being able to expand 
upwardly in relation to said bottom portion of their 
asSociated Said Solar receiver panel under thermal flux 
conditions, 

Said clip including a slidable sleeve and a linear guide rod 
that receives Said Slidable sleeve to accommodate 
expansion of Said tubes and to maintain Said tubes in 
the same vertical plane during expansion of Said tubes. 

9. The apparatus of claim 8, further comprising: 
a Support tower; 
Said Solar receiver panels being mounted on top of Said 

Support tower; 
at least one first valve connecting a cold fluid Supply pipe 

to Said fluid conducting tubes, and 
Said first valve being positioned adjacent Said bottom 

portion of the receiver panel and adjacent a top end of 
Said Support tower. 
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10. The apparatus of claim 8, wherein said first valve is 
positioned adjacent Said bottom portion, thereby minimizing 
a length of Said cold fluid Supply pipe. 

11. The apparatus of claim 8, further comprising: 
a cold fluid entry point located at a first end of Said tubes 

and positioned close to Said bottom portion, Said cold 
fluid entry point joined to a first valve for receiving Said 
fluid from a cold fluid Supply pipe. 

12. The apparatus of claim 8, further comprising: 
a hot fluid exit point at a Second end Said tubes and 

positioned close to Said bottom portion, Said hot fluid 
exit point joined to a hot fluid exit pipe. 

13. The apparatus of claim 8 wherein said solar receiver 
panels are joined by fluid carrying jumper lines. 

14. A method of Supporting a Solar receiver panel, the 
method comprising the Steps of 

Securing a Support clip to a plurality of Solar receiver 
panel tubes having a first header at a first end of Said 
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8 
tubes and a Second header at a Second end of Said tubes, 
Said Support clip being attached at a bottom portion of 
Said Solar receiver panel, Said Support clip including a 
guide rod mounted to a bracket and a slidable sleeve 
mounted to Said tubes, 

Supporting an entire weight of Said Solar receiver tubes 
with Said Support clip at a point between Said first and 
Second headers, and 

circulating a fluid inside Said tubes, Said tubes being 
allowed to thermally expand upwardly in relation to 
Said bottom portion upon Said fluid increasing in tem 
perature and causing a resultant increase in a tempera 
ture of Said tubes, Said Slidable sleeve Slidable along 
Said guide rod to accommodate expansion of Said tubes 
and to maintain Said tubes in the same vertical plane 
through the range of expansion. 

k k k k k 


